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Round-robin test for flatness 
measurement of GaAs wafers 
Part I1: nv  and TIR 
I Due to the increased demand for GaAs substrates, improved physical characteristics uch as warp, 
flatness, local thickness variation and other parameters are required. In the second of a three-part 
series l l i -VsReview continues its coverage of the round-robin testing of GaAs by Japanese substrate 
suppliers. In this article we cover total thickness variation (TI-V) and total indicated reading (TIR) and 
then in the concluding part next issue we cover local thickness variation (LTV) and percentage local 
thickness variation (PLTV). 
D 
espite increased market de- 
mand, correlation of mea- 
sured  va lues  o f  these  
parameters have not yet been investi- 
gated among various affil iations. 
Therefore, a series of round-robin 
tests have been made by nine Japanese 
GaAs substrate suppliers (see list at 
end of report). 
Continuing the three-part series of 
articles on the characterisation f SI 
GaAs substrates we present results for 
TTV and TIR. Correlation of mea- 
sured values of critical quality para- 
meters  has so far  not  been  
systematically investigated. Therefore, 
a round-robin test was set up between 
eight Japanese GaAs wafer suppliers 
(affiliation A to affiliation H). In our 
round-robin test, 76.2 and 100 mm 
diameter substrates were used and five 
parameters (warp, bow, TTV, TIR, 
LTV)  were measured  by each 
company's measurement systems. Four 
types of instrument (instrument (i) to 
instrument (iv)) were applied. Five 
companies used identical instruments 
(i.e. instrument (i)). Of measured five 
parameters, we reported the results of 
warp and bow measurements in the 
previous article [1]). In this article the 
results of TTVand TIR measurements 
are reported. The results of other para- 
meters (LTV and PLTV) will be re- 
ported in the third article, in the next 
issue. 
Figure 1. The definition of TTV. 
A TIR O) = IAI + 181 
(a) The definition of TIR (I) 
A~ TIR (2) = IAI + IBI 
B ~ Best fit 
(b) The definition of TIR (2) 
Figure 2. The definition of TIR. 
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Definitions 
The definition of TTV for all instru- 
ments is the same as shown in Figure 
1. The measurement of TTV is per- 
formed under the clamped condition 
and its datum plane is defined as the 
back surface of the wafer. TTV is the 
difference between the largest height 
(point A) and the smallest height 
(point B) in reference with the back 
surface. No retilt is performed in this 
measurement. 
There are several definitions for 
T IR which depend on the instrument 
type.The definition of T IR for instru- 
ment (i) is shown in Figure 2(@. We 
refer to it as TIR(1), i.e. TIR(1) is the 
total summation of the absolute values 
of the largest height (point A) and the 
smallest height (point B), where the 
point-A is at the upper part and the 
point B is at the lower part of the da- 
tum plane which is defined as the three 
point focal plane. The definition of 
TIR for both instruments (ii) and (iii) 
is the same asTIR(I). 
In the case of instrument (ii), both 
the three point focal plane and the best 
fit focal plane (BF plane) can be se- 
lected as the datum plane. In the pre- 
sent round-robin test, the three point 
focal plane was selected for instrument 
(ii) so that the definition of T IR was 
the same for all instruments. The defi- 
nition of T IR for instrument (ii) is as 
shown in Figure 2(b) when the BF 
p lane is se lected,  re fer red  to as 
TIR(2). The definition of TIR(2) is 
equal to that of TIR(1), except that 
the datum plane is the BF plane. 
Round-robin test 
Sample preparation 
Samples which were used for the 
round-robin measurement are as fol- 
lows: 
(a) 76.2 mm diameter single-faced 
polished wafers: 
diameter = 76.2 +_ 0.5 mm, thick- 
ness = 600 + 15 btm. 
(b) 76.2 mm diameter double-faced 
polished wafers: 
diameter = 76.2 _ 0.5 mm, thick- 
ness = 600 _ 15 },tm. 
(c) 100 mm diameter double-faced 
polished wafers: 
d iameter  = 100.0 _ 0.5 mm,  
thickness = 625 _ 15 ~tm. 
Five wafers with various parameter 
values for each item were selected from 
many samples upplied by all partici- 
pants. The wafers for (a) were named 
as a-1 to a-5, those for (b) were b-1 to 
b-5, and those for (c) were c-1 to c-5. 
Instruments 
The instruments used by the eight 
companies (affiliation A to affiliation 
H) were of four types (instrument (i) 
to instrument (iv)), among which five 
affiliations used the same type of in- 
strument (instrument (i)). All eight af- 
filiations calibrated their instruments 
before measurement. The relation- 
ships among datum planes, instru- 
ments and measurement parameters 
are shown in Table 1. 
Data analysis 
Each wafer for three types of samples 
was sequentially measured five times 
by each affiliation. The measured ata 
were compared with a tentative "true" 
value, which is the averaged value for 
all data measured by the same type of 
instrument (instrument (i)). The coef- 
ficients of variance of measured values 
were calculated and the instrumental 
variations in the same type of instru- 
ment and among various types of in- 
struments were examined. 
Results and discussion 
The average of measured values and 
the coefficients of variance for TTV 
and T IR  after sequential f ive-t ime 
measurement are shown in Tables 2 
and 3, respectively. In order to com- 
pare the dependence on instrument 
type, the averaged values in the same 
type of instrument (i) (affiliation A to 
affiliation E), and the averaged values 
among all types of instruments (affilia- 
tion A to affiliation H) are also shown 
inTables 2 and 3, respectively. Here, the 
data for samples b-3 and c-4 were ex- 
cluded because they had been broken 
during the round-robin test. The aver- 
aged values of  TTV and T IR  for 
76.2 mm diameter single-faced po- 
lished wafers measured by eight affilia- 
tions are shown in Figure 3(a) and 
Figure 3(b), respectively. The symbols 
of instruments are shown under the 
symbols of affiliations on the x-axis. 
The coefficients of correlation be- 
tween instrument (i) and other types 
Table 1. Relationships among instruments, parameters and datum planes for each affiliation. 
Affiliation Instrument Parameter Datum plane 
TTV TIR TTV TIR 
] A B C 
D 
E 
F 
G 
H 
(i) TTV TIR(1) Back surface 
(ii) TTV TIR(1 ) Back surface 
(iii) TTV TIR(1 ) Back surface 
(iv) TTV TIR(1 ) Back surface 
Three point focal plane 
Three point focal plane 
Three point focal plane 
Three point focal plane 
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Table 2. Averaged values of TTV and TIR. 
Wafer Wafer no. 
76.2 mm E~ 
single-faced 
polished wafer 
a-1 
a-2 
a-3 
a-4 
a-5 
b-1 
76.2 mm E~ b-2 
double-faced b-4 
polished wafer b-5 
c-1 
100 mm (3 c-2 
double-faced c-3 
polished wafer c-5 
Instrument 
TTV Average 
A B C D E F G H A-H A-E 
1.99 1.76 2.43 2.29 2,75 1.82 3.22 2.08 2.29 2.24 
1.22 1.57 1.20 1.36 1.02 1.68 2.88 1.70 1.58 1.27 
5.19 5.26 5.20 5.28 4.88 5,36 7.14 5.70 5.50 5.13 
2.68 2.93 2.45 2.68 2.39 2.78 3.82 2.40 2,77 2.63 
3.63 3.64 3.41 3.70 3.74 4.02 4.72 4.10 3.87 3.62 
3.77 4.32 3.78 4.21 3.86 3.96 3.52 3.50 3.87 3.99 
2.02 1.90 2.27 1.91 2.05 2.52 3.38 2.82 2.36 2.03 
5.67 5.53 5.62 5.72 5.51 5.18 7.12 5.70 5.78 5.65 
2.02 2.06 2.12 2.08 2.20 2.18 3.14 2.26 2.26 2.10 
1.25 1.37 0.91 0.93 0,94 1.48 7.26 2.62 2.10 1.08 
3.15 2.64 3.14 2.99 2.63 2.52 9.34 2.78 3.65 2.91 
1.13 1.30 0.69 0.99 1.65 1.40 9.20 1.66 2.25 1,15 
4.91 5,10 4.82 4.97 4.38 4.68 6.88 5.12 5.11 4.84 
(i) (i) (ii) (iii) (iv) (i)-(iv) (i) 
TIR Average 
A B C D E F G H A-H A-E 
1.11 1.01 0.94 1.04 1.52 0.78 2.32 1.00 1.22 1.12 
1.30 1.29 1.21 1.30 1.26 1.48 2.34 2.16 1.54 1.27 
5.21 5.18 5.08 5.40 4.73 4.84 6.10 5.86 5.30 5.12 
2,26 2.36 2.41 2.60 2.41 2.20 3.12 2.36 2.47 2.41 
3.23 3.15 3,18 3.32 3.26 2.76 3.38 3.96 3.28 3.23 
2.35 2.32 2,17 2.53 2,43 2.72 3.10 2.10 2.47 2.36 
1.75 1.66 1.88 1.63 1.95 1.74 3.90 2.98 2.19 1.77 
5.68 5.50 5.56 5.70 5.70 5.12 6.84 5.74 5.73 5.63 
2.15 2.07 1.94 1.87 2.18 1.96 2,92 2.32 2,18 2.04 
1.22 1.01 0,91 1.06 1.03 1.34 5.60 1.54 1.71 1.05 
2.28 2.30 2.37 2.29 1.64 2.16 5.70 1.98 2.59 2.18 
0.97 0.84 0.68 1.02 1.59 1.40 4.26 1.64 1,55 1.02 
4.15 3.89 4,03 4.24 3.85 3.46 8.34 3.98 4.49 4.02 
(i) (i) (ii) (iii) (iv) (i)-(iv) (i) 
Table 3. The coefficients of variance of TTV, TIR. 
Wafer Wafer no. 
76.2 mm E] 
single-faced 
polished wafer 
76.2 mm E~ 
double-faced 
polished wafer 
100 mm E~ 
dou ble-faced 
polished wafer 
a-1 
a-2 
a-3 
a-4 
a-5 
b-1 
b-2 
b-4 
b-5 
c-1 
C-2 
c-3 
c-5 
Calculated results 
T rv  (Coefficient of velrlence) from all data 
A B C D E F G H A-H A-E A 
2.93 2.01 0.33 5.25 2.25 21.81 4.97 4.71 21.51 15.61 
6.04 1.61 0.85 3.65 3.47 11.54 4.61 6.44 34.82 14.69 
1.09 2.65 0,20 1.01 0,42 4.81 2.10 0.00 12.09 3.11 
2.97 0.70 0.20 1.38 0.84 6.98 1.96 0.00 16.08 7.47 
1.70 0.41 0.32 1.42 1.01 5.31 1.59 0.00 10.12 3.38 
1.19 0.66 0.11 0.76 1.46 5.20 1.14 0.00 7.41 5,88 
3.47 0.77 0.56 1.12 1.65 12.14 2.21 1.42 21.25 6,80 
0.47 0,14 0.14 1.50 1.02 2.56 1.05 1.11 9.42 2.49 
2.56 3.49 0.35 0.65 1.13 5.35 4.32 3.54 15.52 3.52 
6.11 7.34 0.98 2.09 2.28 18.82 2.84 1.53 96.73 18.55 
3.69 1.47 0.43 1.36 2.79 5.26 0.86 1,44 59.31 8.35 
9.32 1.38 1.69 3.89 1.90 7.82 2.28 4.82117.3928.13 
0.76 0.35 0,10 1.02 0.27 2.49 2.14 2.87 13.96 5.14 
Instrument (i) (i) (ii) (iii) (iv) (i)-(iv) (i) 
Calculated results 
TIR (Coefficient of variance) ' from all data 
B C D E F G H A-H A-E 
8.73 3.09 0.85 4.11 5.19 9.53 6.33 t0.9538.69 18.98 
5.48 4.03 1.32 2.03 1.29 2.70 6,40 2.27 27.37 4.21 
1.59 1.11 0.20 1.10 0.80 1.01 1.04 0.84 8.42 4.41 
1.34 0.54 0.31 1.45 1.24 2.87 3.14 2.08 11.17 4.06 
2.07 0.31 0.56 0.48 1.58 1.77 4,73 1.24 9,71 2.22 
0.47 1.84 0.34 1.86 0.95 1.47 2.04 3.01 12.34 5.17 
1.48 7.00 0.21 1.87 4.06 4.60 4.59 1.34 35.27 7.84 
0.34 0.19 0.18 1,09 0.52 1.91 1.49 0.85 8.10 1.62 
3.60 4.78 0.39 0.40 1.48 6.12 5.03 3.23 14.89 6.43 
8.10 6.19 0.54 6.97 0.99 10.12 3.19 3.18 86.5511.30 
4.03 3.86 0.63 3.46 1.05 6.93 1.92 2.02 46.29 12.77 
1 
9.18 1.99 0.72 12.20 1.47 7.82 1.88 6.22 69.6030.80 
1.13 0.88 0.31 1.05 3.84 1.42 3.84 3.33 32.79 3.92 
(i) (i) (ii) (iii) (iv) (i)-(iv) (i) 
26 I I I-Vs Rev iew • Vol.10 No.4 1997 
0961-1290/97/$17.00 ©1997, E lsev ier  Science Ltd 
J apan  Subst ra te  Repor t  
, - ,6  
U 
,~, " [ ]  
> 3 F- "• 
[-' 2[0 
I 0 
0 ' 
Affi l iat ions A 
(instruments) 
0 
[] O O 13 • O 
O 0 
• o • O 
•=o,  
0 0 0 
I / = = J ..... I I 
B C D E F G H 
(i) (ii) ( i i i )( iv) 
(a) TTV 
'I 
6" 
, ' -  5 .~ 0 
D 
" '3  n~ 
[" 2 
,i08 
0 | I ! I 
Affiliations A B C 
(instruments) (i) 
D [] 0 
o 
o & & 
880 o 
O 
i t J ..... I I 
D E F G H 
(ii) ( i i i )( iv) 
(b) TIR 
oa- I  
O a-2 
a-3 
A a-4 
o a-5 
Figure 3. The variation of TTV, TIR (76.2 mm 0 single-faced polished wafer). 
Table 4. The coefficients of correlation 
between instrument (i) and others, 
Instrument 
Correlation coefficient 
TTV TIR 
(ii) 0.975 0.982 
(iii) 0.278 0.649 
(iv) 0.948 0.954 
Table 5. The coefficients of correlation among 
instrument (i), 
Correlation coefficient 
Affiliation T'rv TIR 
A 0,994 0.997 
B 0.988 ,0,999 
C 0.992 0.996 
D 0.998 0.995 
E "0.977 0.973 
of instruments are also shown in Table 
4 and the coefficients of correlation in 
the same type of instrument (i) are 
shown in Table 5, respectively. 
Table 4 shows that both TTV and 
T IR of instrument (i), instrument (ii) 
and instrument (iv) had strong correla- 
tions. TTVand TIR of instrument (i) 
and instrument (iii) had weak correla- 
tions for 76.2 mm diameter single- and 
double-faced polished wafers. Adding 
the data of 100 mm diameter double- 
faced polished wafers in Table 2, TTV 
and TIR between instrument (i) and 
instrument  (iii) showed a slightly 
worse correlation as seen inTable 4. 
In the case of the same type of in- 
strument (i) there were strong correla- 
tions with both TTVand T IR as seen 
in Table 5. This good correlation may 
be because the definition forTTVand 
TIR were the same for all instruments. 
Summary 
The results of the present round-robin 
test are summarised as follows. 
1. When the same datum plane was 
selected, the definition of TTV 
and T IR  became the same with 
no difference among all types of 
instruments. 
2, In the measurement of TTVand 
TIR, three types of instruments 
among four kinds of instrument 
had good correlations. One other 
type of instrument also had a good 
correlation when the wafer dia- 
meter was not large. 
3. In the case of the same type of in- 
strument, the coefficients of cor- 
relation of TTV and T IR  were 
more than 0.97 for all affiliations. 
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The nine Japanese manufacturers who 
participated in the present round- 
robin measurement. Inquiries can be 
addressed to the followings: 
M. Kashiwa, Hitachi Cable Ltd, tel/fax: 
+81-294-25-3814/-43-2404; e-mail: mi- 
kioJ~ashiwa@cc.hitachi-cable.co.jp 
O. Oda, Japan Energy Corp., tel/fax: +81- 
48-433-2051/-445-5400; e-mail: oda@- 
lab.j-energy.co.jp 
Y. Katsuno, Mitsubishi Chemical Corp., 
tel/fax: +81-3-3283-4534/4485; e-mail: 
1503996 @cc.m-kagaku.co.jp 
K.Yamada, Shin-Etsu Handotai Co. Ltd, 
tel/fax: +81-3-3214-1835/- 0017 
H.Tomosue, Showa Denko K.K., tel/ 
fax: +81- 494-23- 6112/-7787 
A. Matsushima, Sumitomo Electric In- 
dustries Ltd, tel/fax: +81-3-3423-5300/- 
5302; e-mail: dd850158@jnet.sei.co.jp 
M. Matsui, Sumitomo Metal Mining Co. 
Ltd, tel/fax: +81-428-31-2130/-1196; e- 
mail: LDY00504@niftyserve.or.jp 
R. Nakamura, Dowa Mining Co. Ltd, tel/ 
fax: +81-188-46-8000147-1365; e-mail: 
XLG04400@niftyserve.or.jp 
H. Matsushita, Furukawa Electric Co. Ltd, 
tel/fax: +81-3-3286-3219/3965; e-mail: 
matsushita@ho.furukawa.co.jp 
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